Mangalore coast is well known for its multi-species and multi-gear fisheries and the fishery and oceanographic features of this region is a true representation of the Malabar upwelling system. Ten years of study (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004) of oceanographic parameters has been carried out from the inshore waters off Mangalore to understand their seasonal and interannual variations and influences on the pelagic fishery of the region. Attempt has been also made to understand the influence of local and global environmental conditions on the alternating patterns of abundance between the Indian mackerel and oil sardine from the area. Fieldand satellite-derived oceanographic data have shown that coastal upwelling occurs during July-September with a peak in August resulting in high nutrient concentrations and biological productivity along the coast. Nearly 70% of the pelagic fish catch, dominated by oil sardine and mackerel, was obtained during September-December, during or immediately after the upwelling season. Catches of scombroid fishes were significantly related to cold Sea Surface Temperature, while such relationships were not observed for sardines and anchovies. Significant positive correlations were observed between the ENSO events (MEI) and seawater temperature from the study area. The extreme oceanographic events associated with the cold La Niñ a, which preceded the exceptional 1997-98 El Niñ o event, were responsible for the collapse of the pelagic fishery, especially the mackerel fishery along the southwest coast of India (Malabar upwelling system). Coinciding with the collapse of the mackerel fishery, oil sardine populations revived during 1999-2000 all along the southwest coast of India. Tolerance of oil sardine to El Niñ o ⁄ La Niñ a events and the low predatory pressure experienced by their eggs and larvae due to the collapse of mackerel population might have resulted in its population revival.
INTRODUCTION
Studies on the characteristics of the marine environment are important in fisheries research, as the conditions in the sea play a major role in the availability of fish. The fluctuations in the physical, chemical and biological oceanographic conditions have a profound influence on the periodic and seasonal migration of fishes in the sea (Kawasaki et al., 1991) . Long-term natural variability in climate, oceanography and marine ecosystems leads to fluctuations in the abundance of exploited fish populations (Francis and Hare, 1994) . Information on the physical, chemical and biological oceanographic parameters is important in predicting, locating and exploiting marine fishery resources.
The Malabar coast (southwest coast of India) is one of the major upwelling systems of the world (Bakun et al., 1998) . It was established that upwelling takes place along this coast during the summer monsoon months from May to September and the ensuing productivity sustains a fishery for a number of commercially important fishes (Ramamirtham and Patil, 1965) . The Malabar coast of India is rich in primary (660 mg C m )2 day )1 ) and secondary (10-57 mg C m )2 day )1 ) production and contributes nearly 50% of the total Indian marine fish landings (Vivekanandan et al., 2003; Smith and Madhupratap, 2005) .This coast is characterized by the abundance of oil sardine (Sardinella longiceps) and Indian mackerel (Rastrelliger kanagurta) which support the western Indian Ocean's largest coastal pelagic fishery (Vivekanandan et al., 2005) . There have been few attempts from Indian waters to relate pelagic fish catch to seawater temperature, salinity, rainfall, upwelling, chlorophyll distribution and so on, and with very limited success (Banse, 1959; FAO, 1980; Johannessen et al., 1981; Longhurst and Wooster, 1990; Madhuprathap et al., 1994; Yohannan and Abdulrahiman, 1998; Jayaprakash, 2002) .
The Mangalore coast is well known for its multispecies and multi-gear fisheries and the fishery and oceanographic features of this region are a true representation of the Malabar upwelling system. The popular gears of the region at present are trawl net, purse seine, ring seine and gill net. The mechanized units contribute 95% to the annual catch and the rest is by artisanal gears, which operate mostly during southwest monsoon period. The important resource groups are mackerel, oil sardine, carangids, whitebaits, threadfin breams, penaeid prawns, stomatopods and cephalopods (Mohamed et al., 1998) . This coast is historically known as 'mackerel coast' due to the predominance of mackerel fishing by the now defunct rampani nets. By sheer volume, oil sardine and mackerel have traditionally been the mainstay of the marine fisheries of this region (Prathibha and Bhat, 2003; Prathibha and Gupta, 2004) . The changing pattern in the fishery over the years has resulted in the variation in the contribution of these species to the total landings (Mohamed et al., 1998) .
Several oceanographic parameters have been previously studied from the southwest coast of India (Ramamirtham and Patil, 1965; Sharma, 1968; Madhuprathap et al., 1994; Madhupratap et al., 1996; Bakun et al., 1998; Pillai et al., 2000; Prasannakumar et al., 2000; JGOFS, 2002; Smith and Madhupratap, 2005) and from the coastal waters off Mangalore (Reddy et al., 1979; Pai and Reddy, 1981; Gupta et al., 1998; Krishnakumar et al., 2006) . However, long-term studies on oceanographic parameters and their influence on pelagic fishery have not been reported from the Malabar coast and particularly from the Mangalore coast. The purpose of this study is to understand the seasonal and interannual variations in the oceanographic parameters and temporal pattern in upwelling off the Mangalore coast and their influences on the pelagic fishery, especially oil sardine and Indian mackerel, based on 10-yr data (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) collected from the inshore waters. An attempt also has been made to understand the influence of local and global environmental conditions on the alternating patterns of abundance observed between the Indian mackerel and oil sardine from the area.
METHODS

Fishery data
The Central Marine Fisheries Research Institute (CMFRI) estimates the marine fish landing in India by employing the stratified multistage random sampling design (Srinath, 2003) and maintains a database of the results. The monthly estimated pelagic fish landings (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) at Mangalore by boats (indigenous gears, purse seine and drift gill net) operating in the inshore waters off Mangalore were taken from the CMFRI database. Landings of major groups such as oil sardine (Sardinella longiceps), sardines other than S. longiceps, Indian mackerel (Rastrelliger kanagurta), anchovies (Genera Stolephorus and Encrasicholina), seerfishes (Genus Scomberomorus), tunas, carangids (scads, horse mackerel etc.), thryssa (Genus Thryssa), ribbonfishes (Family Trichiuridae), pomfrets (black and white pomfrets) and cephalopods (squids and cuttlefishes) were used to study the relationship with oceanographic conditions.
Environmental data
Time series (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) of monthly mean satellitederived Sea Surface Temperature (Der SST) available for nearest coastal (Lat 13°N and Long 74°E) and offshore (Lat 13°N and Long 73°E) stations falling within the study area was extracted from the original 1°grid (latitude · longitude) from the International Comprehensive Ocean-Atmosphere Data Set (ICO-ADS) website (http://dss.ucar.edu). The assumption made was that during certain months, SST in the coastal station will be lower than the offshore stations due to coastal upwelling. The monthly mean coastal upwelling index (CUI) was downloaded from the Global Upwelling Index data group of NOAA's PFEG Live Access Server (http://las.pfeg.noaa.gov) for the Mangalore coast (Lat 12.5-13.5°N; Long 74.5°E), having 158°coast angle. Multivariate ENSO Index (MEI) data were obtained from the NOAA-CIRES Climate Diagnostics Center (http://www.cdc.noaa. gov/people/klaus.wolter/MEI). The MEI is the weighted average of the main ENSO features of six variables such as sea-level pressure, the east-west and northsouth components of the surface wind, SST, surface air temperature, and total amount of cloudiness (Wolter and Timlin, 1998 The SST data (1999) (2000) (2001) (2002) (2003) (2004) were taken from the moored data buoy maintained at 3 m depth off Mangalore (Lat 12.933°N; Long 74.716°E) by the National Institute of Ocean Technology, Chennai, India (Fig. 1) . Fortnightly sampling was made from two stations, one at 10 m depth area (Lat 12.841°N; Long 74.802°E) and another at 20 m depth area (Lat 12.844°N; Long 74.771°E) in the inshore waters off Mangalore (Fig. 1) during 1995-2004. Due to inclement weather conditions, sampling could not be carried out in the peak southwest monsoon season (June-August) during most of the years. However whenever possible, samples were collected in the monsoon season during some years. Fishing activities are also restricted during June-August due to a fishing ban imposed on mechanized boats by the state government (Mohamed et al., 1998) . Water samples in duplicate were collected in the morning hours. A clean plastic bucket was used for collection of surface water samples while bottom samples were collected using a Nansen reversing bottle (HydroBios, KielHoltenau, Germany). Upon collection, samples were transferred to clean polythene bottles and stored in an ice box for transportation for analysis in the laboratory. SST was measured in situ with a centigrade thermometer of 0.5°accuracy. Sea bottom temperature (SBT) was taken from the reversing thermometer attached to the water sampler. Water transparency or sun light penetration was measured using the conventional Secchi disc of 30-cm diameter and light attenuation coefficient (LAC) was calculated using the formula, LAC = 1.7 ⁄ D, where D denotes Secchi disc reading (Poole and Atkins, 1929) . The hydrogen ion concentration (pH) of the water samples was measured using a Jenway model-350 pH meter (Jenway, Dunmow, UK). Salinity was estimated by using a conductivity meter (WTW LF 320, Weilheim, Germany). Standard procedures were adopted for estimating dissolved oxygen (DO) and inorganic nutrients (Strickland and Parsons, 1968; Parsons et al., 1984) . The seawater density (sigma t) was computed from temperature and salinity (chlorinity) data as per Knudsen's method. Samples for plant pigments were filtered using Whatman GF ⁄ D glass fibre filters (Whatman, Mumbai, India) and pigments extracted in 90% acetone were estimated using a spectrophotometer (Strickland and Parsons, 1968) . Zooplankton samples were collected using a 0.5-m diameter conical plankton net of 0.33-mm mesh size, and zooplankton biomass (ZB) was expressed as mL m )3 .
Data analysis
Statistical analyses such as Pearson correlation and multiple regression were carried out using SPSS 12 software (SPSS, Bangalore, India). Multiple stepwise regression analyses (linear fit) were performed to identify the oceanographic parameters that were significantly correlated with pelagic fish catch.
RESULTS
Physical parameters
Mean monthly variations in CUI, Der SST for near shore and offshore stations and mean monthly variations in SST recorded by the moored data buoy are shown in Fig. 2 . Peak upwelling was observed in April followed by August (Fig. 2a) . Low SST was observed during July-September with a lowest peak in August in the near shore station (Fig. 2b) . The lowest SST was recorded during August followed by September by the moored data buoy at 3 m below the surface (Fig. 2c) . A year-wise statistical summary of seawater temperature, salinity, sigma t, pH, DO, nutrients, chlorophyll a (chl a), LAC and ZB averaged from two stations off Mangalore is shown in Table 1 . Statistically significant differences (P < 0.001) were not observed in the physicochemical parameters between the two stations. Statistically significant differences (P < 0.001) were also not observed in pH, nitrate, nitrite and chl a content between the surface and bottom. 24.48 (mean 21.9) . Surface DO varied from 3.13 to 5.65 mL ⁄ L (mean 4.33), while bottom values varied from 0.13 to 5.56 mL ⁄ L (mean 3.6). The LAC varied from 0.12 to 4.25 (mean 0.95) and low LAC was observed during SeptemberOctober. The observed values for water temperature and DO were significantly higher (P < 0.001) in the surface waters compared to the bottom (Table 1) . Salinity and sigma t values were significantly lower in the surface compared to the bottom as expected (P < 0.001).
Seawater temperature showed a primary peak during April-May and a secondary peak during October-November. Surface salinity was low during June-September coinciding with southwest monsoon. The DO values in the bottom were low during September-October. The lowest seawater temperature (21.5°C) was recorded at 20 m bottom from station 2 in September 2000, while the highest temperature (32.8°C) was recorded at the surface from station 1 in May 2001. Lowest DO (0.13 mL ⁄ L) was recorded at 10 m bottom from station 1 in September 1996, while the highest DO (5.65 mL ⁄ L) was recorded at the surface from station 1 in May 1999.
Chemical and biological parameters
Surface pH varied from 7.45 to 8.42 (mean 8.08), while pH at the bottom varied from 7.24 to 8.58 (mean 8.04). Surface phosphate concentrations varied from 0.01 to 0.90 mM (mean 0.21), while bottom concentrations varied from below the detection limit (bdl) to 1.17 mM (mean 0.29) (Fig. 3 ). Surface nitrate concentrations varied from bdl to 3.32 mM (mean 0.25), while bottom concentrations varied from bdl to 2.87 mM (mean 0.29). Surface nitrite values varied from bdl to 0.89 mM (mean 0.08), while bottom values varied from bdl to 0.91 mM (mean 0.13). Surface silicate concentrations varied from bdl to 50.2 mM (mean 5.78), while bottom concentrations varied from bdl to 15.8 mM (mean 3.26) (Fig. 4) . Phosphate, nitrate and nitrite concentrations were high during September and October in seawater (Figs 3 and 4). Surface chl a content varied from bdl to 18.59 mg m )3 (mean 3.71), while bottom concentrations varied from bdl to 20.8 mg m )3 (mean 4.47). The ZB in the study area varied from 0.07 to 233.8 mL m )3 with a mean value of 16.3 mL m )3 (Fig. 4 ). The chl a content was high in March and September while, ZB was high in October (Fig. 4) .
Fish catch
The total pelagic fish catch landed by purse seiners (PS), drift gill netters (DGN) and indigenous gears (IG) at Mangalore harbour varied from 15 673 t in 1995 to 10 239 t in 2004 ( Oceanographic conditions off Mangalore coast (India) and their influences on pelagic fishery (Fig. 5) . The mean annual catches of total pelagic fishes, oil sardine and mackerel from Mangalore coast and from the west coast of India (Malabar upwelling system) are shown in Fig. 6 . From 1995 to 1999, mackerels were dominant in the fishery and from 2000 oil sardine became dominant (Fig. 6a) . Along the southwest coast of India, a similar inverse pattern in abundance of oil sardine and mackerel was observed from 1999 ( Fig. 6b) . 
Statistical analysis
The correlation (Pearson) between physical and biological parameters and with pelagic fish catch is shown in Tables 3 and 4 . SST showed significant positive correlations with SBT, surface salinity, surface sigma t, pH, bottom DO, MEI, CUI and Der SST. Bottom sigma t showed significant positive correlations with phosphate, silicate and Chl a. CUI showed significant positive correlations with phosphate, bottom salinity and Der SST (Table 3) . Total pelagic fish catch in PS and DGN, and catches of fishes such as thryssa, carangids, mackerels, seerfishes and tunas showed significant positive correlations with bottom sigma t and significant negative correlations with bottom DO (Table 4) . CUI showed significant negative correlations with DGN, oil sardine, other sardines and seerfishes.
Results of stepwise multiple linear regression analysis between fish catch and oceanographic parameters are shown in Table 5 . The r 2 obtained for total purse seine catch and drift gill net catch indicates that 48.7% and 56% of the variations respectively in the catch can be explained by the significant variables (salinity, DO, CUI etc.) in the model (Table 5) . Generally, surface and bottom DO (indicator of upwelling) explain 72.8% of the catch variations of Scombroid fishes (mackerels, seerfishes and tunas) and surface salinity explains 47% of catch variations of sardines. The r 2 values obtained in the multiple regression analysis for carangids and thryssa were very low (<30%).
DISCUSSION
Seasonal and interannual variations
Upwelling and variations in SST influence the nutrients level and productivity in the coastal waters. Significant positive correlations were observed for the satellite-derived SST (ICOADS) with the SST (r 2 , 0.57) and SBT (r 2 , 0.50) recorded from the inshore waters off Mangalore, indicating that inshore data are reflecting the general trends in the oceanographic conditions of the area (Table 3 ). Significant correlations were observed for SST and SBT values (Table 3) with MEI indicating a remote connection between the oceanographic conditions of the area with ENSO events in the equatorial region of the Pacific. Study of oceanographic conditions off Mangalore for 10 yrs (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) shows definite seasonal variations with some deviations in certain years (Figs. 3 and 4) . The major reason for these fluctuations was the onset of southwest monsoon in the beginning of June every year and the related upwelling as reported by earlier workers (Banse, 1959; Ramamirtham and Rao, 1973; Johannessen et al., 1981; Muraleedharan and Prasannakumar, 1996) . After the onset of the southwest monsoon, upwelling is generated from 8°N to at least 15°N, by the large scale, wind driven, clockwise circulation, causing a south flowing current along the west coast of India (Banse, 1959; Rao, 1973; Johannessen et al., 1981) . Vertical time series sections of both temperature and oxygen were used by earlier workers as the major indicators of the upwelling process (Banse, 1959; Ramamirtham and Rao, 1973; Johannessen et al., 1981) . In certain years during August-September, seawater with very low temperature (21.5°C), low oxygen (0.13 mL ⁄ L) and high density (sigma t > 23) was observed near the bottom indicating strong upwelling (Table 1) . However, the signature of upwelling near the surface was less visible from both the sampling stations as they are located close to the discharge zone of Nethravathi and Gurupur Rivers (Fig. 1) . In the upwelling season, Figure 5 . The annual catch per unit effort (CPUE -t ⁄ boat) of total pelagic fishes (t) landed by all gears (purse seines and drift gill nets) and % of total CPUE recorded only during September-December. earlier workers also failed to observe low temperature and low oxygen water in the surface along the west coast of India, because of heavy monsoon rains and large influx of fresh water from the rivers (Ramamirtham and Rao, 1973; Johannessen et al., 1981) . In August, earlier workers observed the occurrence of intense upwelling off Kasaragod, located approximately 40 km south of the present sampling station (FAO, 1980; Johannessen et al., 1981) . Extracted CUI shows the occurrence of peak upwelling in April followed by August (Fig. 2a) from the study area. Based on the computation from ICOADS data, Bakun et al. (1998) reported the existence of a moderate offshore Ekman transport along the Malabar coast throughout the year. However, low Der SST in the near shore station compared to offshore station was observed during July-September with the lowest peak in August as an indication of coastal upwelling (Fig. 2b) . The SST data taken from the moored buoy also clearly indicate the occurrence of peak coastal upwelling in August (Fig. 2c) . These observations clearly indicate that coastal upwelling along the Mangalore coast occurs during July-September with a peak in August (Fig. 2) . The signature of a peak coastal upwelling in April as observed in the extracted CUI data (Fig. 2a) was not visible in the field data collected from the inshore waters off Mangalore (Fig. 2 c) . The onset of southwest monsoon generates the Somali current resulting in a general clockwise circulation in the Arabian Sea which in turn develops into a relatively Oceanographic conditions off Mangalore coast (India) and their influences on pelagic fisherystrong southerly current at the surface levels along the west coast of India (FAO, 1980; Johannessen et al., 1981) . Upwelling along the Mangalore coast during July-September is mainly caused by this strong southerly current, with perhaps some support from local wind. The above physical changes were reflected in the concentrations of nutrients (nitrate, phosphate and silicate), bottom chl a and zooplankton biomass during the same period (Table 1) . Coinciding with upwelling a general increase in nutrient concentrations and chl a content was observed during August-October from the inshore waters off Mangalore (Figs 3 and 4) . These observations were in agreement with the earlier studies reported from the west coast of India (Banse, 1959; Ramamirtham and Rao, 1973; Johannessen et al., 1981; Rao et al., 1992; Muraleedharan and Prasannakumar, 1996; Marra and Barber, 2005; Smith and Madhupratap, 2005) . Earlier workers reported high nutrient concentrations and primary production from the inshore waters off Mangalore during August-September (Bhargava et al., 1978; de Souza et al., 1996; Lierheimer and Banse, 2002) . During September-November low LAC was observed as compared with all other months, indicating high turbidity mainly due to phytoplankton growth (Fig. 4) as reported by Marra and Barber (2005) . Relatively higher zooplankton biomass was observed in the present study in October immediately after the upwelling period (Fig. 4) . High zooplankton count from the coastal stations off Mangalore was also reported by earlier workers as a result of coastal upwelling (Smith and Madhupratap, 2005) . Results of the present study indicate that coastal upwelling occurs during JulySeptember along Mangalore coast, which results in high biological productivity (Figs 3 and 4) . The general pattern of the changing oceanographic parameters is repeated year after year with varying intensities (Table 1) .
Upwelling and pelagic fish catch
The importance of upwelling is the associated availability of large concentrations of commercially important pelagic fishes such as oil sardine, mackerel and whitebaits (anchovies) in the inshore waters (Rao et al., 1992) . During upwelling, the phytoplankton bloom is followed by increased zooplankton abundance attracting commercially important fishes. Normally, record fish catch was reported during upwelling and the subsequent periods from the west coast of India (Devaraj and Vivekanandan, 1999) . Correlations observed between bottom sigma t and bottom DO (indicators of upwelling) with fish catch indicate that coastal upwelling during July-September support a very good pelagic fishery (Table 4) . Nearly 70% of the pelagic fish catch from Mangalore was obtained during September-December, during or immediately after the upwelling season (Fig. 5) . Usually, the peak pelagic fish production from the Malabar coast is recorded during August-December, during or immediately after the upwelling season (Banse, 1959; FAO, 1980; Johannessen et al., 1981; Yohannan and Abdulrahiman, 1998; Prathibha and Bhat, 2003; Prathibha and Gupta, 2004) . Stepwise multiple linear regression analysis of pelagic fish catch and catches of scombroid fishes (mackerel, seerfishes and tunas), sardines, ribbonfishes, pomfrets and thryssa with oceanographic parameters also indicates that variations in the catches are influenced by salinity, sigma t and DO (Table 5) , which are directly related to the time, duration and intensity of upwelling. Catches of scombroid fishes were significantly related to cold SST, while such relationships were not observed for sardines and anchovies (Table 4 ).
The present study shows that upwelling triggers some favourable changes in the physical, chemical and biological conditions in the inshore waters which attract pelagic fishes in large numbers for feeding and spawning (Table 5) . During upwelling, some fish populations move into the shallow surface waters while the others move offshore, away from the centre of strong upwelling to avoid cool and low oxygen zone (Banse, 1959) . Mortality of demersal fishes has been reported even from the Mumbai coast (northwest coast of India) coinciding with intense upwelling due to very low DO content in seawater (Carruthers et al., 1959; Singh, 2005) . Even the disappearance of demersal fishes from a rather broad belt parallel to the southwest coast of India has been reported as a result of upwelling (Banse, 1959) . Pelagic fishes like mackerel, oil sardine and whitebaits temporarily avoid the areas of intense upwelling (oxygen poor water) and tend to concentrate into dense schools close to the surface along the inshore waters, affording good catches. With the progress of upwelling along the southwest coast of India, pelagic shoals spawn intensely during June-September when there is maximum availability of food for larvae (Devaraj and Vivekanandan, 1999; Prathibha and Bhat, 2003; Prathibha and Gupta, 2004) . Hence, during upwelling the abundance of pelagic fishes in the inshore waters increases as they congregate in large numbers for feeding and ⁄ or spawning. Californian sardine and Peruvian anchoveta reportedly spawn right in the coastal upwelling zones (Wooster and Reid, 1963; Forsbergh and Joseph, 1964) . Fishing activities by mechanized boats along the Karnataka coast during the peak monsoon season (June-August), which also coincide with the peak upwelling (August), are banned by the state government mainly to protect the spawning stock.
Physical processes and fluctuations in the pelagic fishery
Oil sardine and mackerel have traditionally been the mainstay of the marine fisheries of Malabar upwelling region, and the peak production period for the two major pelagic species from the Mangalore coast is during August-October coinciding with or immediately after upwelling (Prathibha and Bhat, 2003; Prathibha and Gupta, 2004) . Like many other tropical pelagic fishes, these two fishes have shown population crashes and sudden recoveries, and a strong inverse relationship (Devaraj and Vivekanandan, 1999) . A general increase in mackerel catch was observed from Mangalore in 1997, and by 1998-99 it showed a declining trend (Fig.6a) . By 1999-2000, the mackerel fishery was totally collapsed and the oil sardine fishery showed a revival, and a more or less similar trend was observed from the entire Malabar upwelling system (Fig. 6b) . In 1999 very low pelagic fish landings were observed at Mangalore resulting in fish famine (Muthiah et al., 2000) .
The El Niñ o Southern Oscillation (ENSO) is now recognized as a climatic event of global significance and this periodic variation in oceanic and climatic conditions influences the abundance and distribution of several marine organisms (Bakun and Broad, 2003) . The strongest El Niñ o of the 20th century occurred in 1997-98, closely followed by a strong La Niñ a in 1998-2000. We have observed significant positive correlations between the ENSO events (MEI) and seawater temperature from the study area (Table 3 ). The Indian Ocean response to ENSO is well known to be a basin-scale surface warming ⁄ cooling with a lag of about a season, whereas the subsurface response appears to be simultaneous, forced by ENSO-related wind anomalies (Yu and Lau, 2005) .
The closely occurring El Niñ o and La Niñ a events (or vice versa) with very short intervals between them (1-2 months) may be acting as triggering mechanisms for regime shifts in the marine ecosystem (Krishnakumar et al., 2006) . During the peak of the El Niñ o event in 1998 and during the transition period towards the La Niñ a event in 1999, a general increase in SST and weakening of coastal upwelling was observed along the coast (Table 1) . Extreme oceanographic events such as strong and sustained warming followed by enhanced cooling were also recorded in the Southern Benguela during the 1999-2000 summer season (Roy et al., 2001) . The sudden fluctuations in SST, sea-level pressure and scalar wind associated with these extreme climate transitions resulted in a regime shift in the Malabar upwelling system during 1997-98 (Krishnakumar et al., 2006) . Scombroid fishes like mackerel are very temperature sensitive as they maintain higher body temperature than the ambient temperature (Yohannan and Abdulrahiman, 1998; Kitagawa et al., 2006) . Hence, the extreme oceanographic events of 1998-99 might have adversely affected the spawning and recruitment of most of the scombroid fishes (tunas, mackerel and seerfishes) which ultimately resulted in the failure of pelagic fishery along the Mangalore coast in 1999-2000 (Figs 5 and 6a) . In Peru, high squid catch rates of early 1990s declined during the cold La Niñ a event which preceded the exceptional 1997-98 El Niñ o event (Yamashiro et al., 1998) . During 1995-1999 mackerels were the dominant group in the fishery compared to oil sardine and subsequently during 2000-2004 the reverse order was observed (Fig. 6 ). Alternating patterns of abundance between one species of sardine (or sardinella) and one species of anchovy have been observed in most upwelling ecosystems during recent decades (Cury et al., 2000) . The collapse of mackerel fishery in 1999-2000 due to extreme oceanographic events of 1998-99 might have helped the successful recruitment and recovery of oil sardine fishery along the entire southwest coast of India (Fig. 6) . Sardines have often experienced improved reproductive success during El Niñ o years when compared to other species (Arntz and Fahrbach, 1996) . Skud (1982) observed that dominant species respond to environmental factors, and subordinate species respond to the abundance of the dominant one. Based on two-species competition models, Ferrie're and Cazelles (1999) showed that phases of extremely low abundance followed by short peaks in abundance could arise in a simple community model as a result of competitive interactions within and between species. The Malabar upwelling system was generally dominated by oil sardine or mackerel, and most often only one of the two is dominant at any particular time. Alternating patterns of abundance between these species have been observed in the past (Devaraj and Vivekanandan, 1999) as reported from other upwelling systems of the world (Crawford et al., 1987) . The peak spawning and recruitment of both oil sardine and mackerel occur during June-August (Prathibha and Bhat, 2003; Prathibha and Gupta, 2004) and they share almost similar habitat in the Malabar upwelling system. Increased mortality rate of eggs and larvae of oil sardine owing to predation by adult mackerel can be considered a likely cause of a severe reduction in sardine biomass during certain years along the coast when mackerels were the dominant species.
In conclusion, the coastal upwelling along the Mangalore coast occurs during July-September with a peak in August every year with varying intensity. The seasonal upwelling supports coastal productivity, zooplankton production and multi-species and multigear pelagic fishery dominated by oil sardine and mackerel. Significant correlations were observed between the SST measured from the inshore waters and satellite-derived SST values indicating that inshore data are reflecting the general trends in the oceanographic conditions of the area. Total pelagic fish catch in purse seine and drift gill net, and catches of fishes such as thryssa, carangids, mackerels, seerfishes and tunas showed significant positive correlations with bottom sigma t and significant negative correlations with bottom DO (upwelling indicators). Significant positive correlations were observed between the ENSO events (MEI) and seawater temperature from the study area. The extreme oceanographic events associated with the strong cold La Niñ a event which preceded the 1997-98 El Niñ o event, one of the strongest of the 20th century, were responsible for the collapse of the pelagic fishery, especially the mackerel fishery along the southwest coast of India. Coinciding with the collapse of the mackerel fishery, oil sardine populations have revived during 1999-2000 all along the coast. Tolerance of oil sardines to El Niñ o ⁄ La Niña events and the low predatory pressure experienced by its eggs and larvae due to the collapse of the mackerel population might have resulted in the oil sardine population revival. Alternating patterns of abundance observed between these two species is comparable with the pattern observed in the abundance of pelagic fishes such as sardine, horse mackerel, bonito, anchovy and chub mackerel from other major upwelling ecosystems of the world.
